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A new theory is proposed that offers a consistent concep- 
tual basis for nonrelativistic quantum mechanics. The viola- 
tion of Bell's inequality is explained by maintaining realism, 
inductive inference and Einstein separability. 
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Despite the successes of quantum mechanics its basic 
concepts, especially the measurement and the collapse of 
the wave function has remained unclear and contro- 
versial up to these days. From the theoretical point of 
view, the most serious problem is probably the violation 
of Bell's inequality j|] , as it is believed to be the proof 
that Einstein separability is violated in Nature. Einstein 
separability is an obvious physical requirement stating 
that separated systems (i.e., which are prevented from 
any interaction with each other) cannot influence each 
other. 

As a brief reminder, let us think of two spin-half parti- 
cles in an entangled state, which is due to some previous 
interaction between them. Suppose that the particles 
are already separated so much that they can no longer 
interact with each other. Imagine that we perform spin 
measurements in different directions on each of the two 
separated particles. It is natural to assume that any cor- 
relation between the results of the measurements per- 
formed on the different particles can come only from the 
previous interaction which created the entangled state. 
One may also assume that there are some stable prop- 
erties attached to each system, so that these properties 
'store' the correlation after the systems have become sep- 
arated. Using these assumptions one may derive that the 
correlations cannot be arbitrary but must satisfy a cer- 
tain inequality. This is Bell's inequality. The correlations 
may be calculated quantum mechanically, and the quan- 
tum prediction does not always satisfy Bell's inequality. 
Correlations are measurable quantities, and experiments 

have proved the correctness of the quantum prediction 
and thus the violation of Bell's inequality. 

Most people seem to believe that the above result im- 
plies that separated systems can influence each other. 
This belief is based on the careful analysis of the above 
sketched derivation of Bell's inequality. It turns out that 
this derivation is completely independent of quantum me- 
chanics, and it is based on a few very fundamental as- 
sumptions Q: realism, inductive inference and Einstein 
separability. Realism and inductive inference are so im- 
portant in physics that we certainly do not want to give 



up them. The usual conclusion is that Einstein separa- 
bility is violated. 

Nevertheless, we maintain that such a conclusion is 
physically unacceptable. The principle of Einstein sep- 
arability has served us well in every branch of physics, 
even in quantum physics, including the most sophisti- 
cated quantum field theories. The only way out can be if 
there is some further, independent and hidden assump- 
tion, which seems to us obvious, but which is not valid 
in quantum mechanics. 

In the present letter it will be shown that it is indeed 
the case. One may reinterpret the meaning and the in- 
terrelations of the quantum states such a manner that 
the violation of Bell's inequality gains a natural expla- 
nation without giving up realism, inductive inference or 
Einstein separability. The hidden, not allowed assump- 
tion mentioned above is connected to the fact that in the 
new theory it may happen that different states, although 
individually exist, cannot be compared. In case of the 
violation of Bell's inequality it turns out that the states 
of the measuring devices and those which 'store' the cor- 
relations are not comparable as any attempt for a com- 
parison changes the correlations themselves. Therefore, 
the usual picture about stable properties which 'store' 
the correlations and are comparable in principle at any 
time with anything does not apply, although the correla- 
tions may be attributed exclusively to the 'common past' 
(previous interaction) of the particles. 

To begin with, let us consider a simple example, 
namely, an idealized measurement of an Sz spin compo- 
nent of some spin-i particle. Be the particle P initially 
in the state a\ t> i>, where |ap -I- = 1 and 
the states | !> and | J,> are the eigenstates of Sz cor- 
responding to the eigenvalues | and — I, respectively. 
The dynamics of the measurement is given by the re- 
lations I t> 1^0 > ^ I T> 1"^! > s-iid I i> 1*^0 > 
~^ I i> where |mo >, |m| > and \mi > stand 

for states of the measuring device M. The linearity of 
the Schrodinger equation implies that the measurement 
process can be written as 



{a\ t> +I3\ i>)\mo > 



(1) 



Let us consider now the state of the measuring device M 
after the measurement. As the combined system P + M 
is in an entangled state, the measuring device has no 
own wave function and may be described by the reduced 
density matrix B 
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PM = Trp{\^>< *|) 

= |m| > < mil + |mx > < mil , (2) 

where Trp stands for the trace operation in the Hilbert 
space of the particle P. Nevertheless, if we look at the 
measuring device, we certainly see that either | or — I 
spin component has been measured, that correspond to 
the states \m] > and |mj. >, respectively. These are ob- 
viously not the same as the state (||). Why do we get 
different states? According to orthodox quantum me- 
chanics, one may argue as follows. The reduced density 
matrix pm has been calculated from the state 1^* > (cf. 
Eq.(|l])) of the whole system P + M. A state is a result of 
a measurement (the preparation), so we may describe M 
by p]^J if we have gained our information about M from a 
measurement done on P -I- M. On the other hand, look- 
ing at the measuring device directly is equivalent with a 
measurement done directly on M. In this case M is de- 
scribed by either |m| > or \mi >. We may conclude that 
performing measurements on different systems (each con- 
taining the system we want to decribe) gives rise to differ- 
ent descriptions (in terms of different states) . Let us call 
the system which has been measured (it is P -I- M in the 
first case and M in the second case) the quantum refer- 
ence system. Using this terminology, we may tell that we 
make a measurement on the quantum reference system P, 
thus we prepare its state \ipfi > and using this informa- 
tion we calculate the state ps{R) = Tr^^sli^R >< V'fll of 
a subsystem S. We shall call ps{R) the state of S with 
respect to P. Obviously pr{R) — X V'flli thus 
\ipii > may be identified with the state of the system P 
with respect to itself. For brevity we shall call this the 
internal state of P. 

Let us emphasize that up to now, despite of the new 
terminology, there is nothing new in the discussion. We 
have merely considered some rather elementary conse- 
quences of basic quantum mechanics. 

Let us return now to the question why the state of the 
system S (i.e., ps{R)) depends on the choice of the quan- 
tum reference system P. In the spirit of the Copenhagen 
interpretation one would answer that in quantum me- 
chanics measurements unavoidably disturb the systems, 
therefore, if we perform measurements on different sur- 
roundings P, this disturbance is different, and this is re- 
flected in the P-dependence of ps{R)- Nevertheless, this 
argument is not compelling. At this decisive point we 
leave the traditional framework of quantum mechanics 
and assume that the states of the systems have already 
existed before the measurements, and that there may ex- 
ist measurements which do not change these states. Then 
the P-dependence of psiR) becomes an inherent property 
of quantum mechanics. 

The meaning of the quantum reference systems is now 
analogous to the classical coordinate systems. Choos- 
ing a classical coordinate system means that we imagine 
what we would experience if we were there. Similarly, 



choosing a quantum reference system P means that we 
imagine what we would experience if we did a measure- 
ment on P that does not disturbe pr{R) — {i/jr >< iPr]. 
In order to see that such a measurement exists, consider 
an operator A (which acts on the Hilbert space of P) 
whose eigenstates include \tpR >. The measurement of A 
will not disturbe {ipR >. Let us emphasize that the pos- 
sibility of nondisturbing measurements is an expression 
of realism: the state pr{R) exists independently whether 
we measure it or not. 

As the dependence of ps{R) on P is a fundamental 
property now, one has to specify the relation of the dif- 
ferent states in terms of suitable postulates: 

Postulate A.// the reference system R — I is an iso- 
lated one [| then the state ps{I) commutes with the inter- 
nal state ps{S). 

This means that the internal state of S coincides with 
one of the eigenstates of ps{I)- Therefore, we shall call 
the eigenstates of ps{I) the possible internal states of S 
provided that the reference system / is an isolated one. 

Postulate B. The result of a measurement is contained 
unambigously in the internal state of the measuring de- 
vice. 

Postulate C. // there are n (n ^ 1, 2, 3, ...) dis- 
jointed physical systems, denoted by 

Si, 82, ...Sn, all contained in the isolated reference sys- 
tem I and having the possible internal states \(f>Si,j > 
,...,\(j)s„j >, respectively, then the joint probability that 
\4>Si,ji > coincides with the internal state of Si (i — 1, ..n) 
is given by 

P{Si,ji, ...,Sn,jn) 

= Trs^+...+sA*St.jf-T^s^.j^PSi+...+sAl)], (3) 

where tts^.j^ = \(l>Si.,ji >< 0s, jj- 

Furthermore, the time dependent Schrodinger equa- 
tion remains valid for closed systems. Note that in the 
present theory there is no collapse or reduction of the 
wave function, and every conclusion should be drawn by 
using the above rules. 

Let us consider now a two-particle system Pi + P2 con- 
sisting of the separated spin- half particles Pi and P2 . The 
initial internal state of the two-particle system be 

J2cj\(l)p,.j > \(l)p,.j > (4) 
j 

where ci = a, C2 = —b (certainly |ap -f |6p = 1), 

IM,1 >= |1,T>, l0Pi,2 >= |l,i>, |0P.,1 >= |2,i>. 



^An isolated system is such a system that has not been in- 
teracting with the outside world. A closed system is such a 
system that is not interacting with any other system at the 
given instant of time (but might have interacted in the past). 
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\4iP2,2 >= |2, t>- When the two-particle system is in the 
state (P, there are strong correlations between the states 
PpAPi) 

= IV'Pi >< V'Pil and PP2{P2) = \1pP2 X i'P^.V Provided 
that the system Pi +P2 is initially isolated, applying Pos- 
tulate C we obtain that the probability that |^pj >= 
|0Pij > and I-0P2 >= |0P2,fe > is P(Pi,j, P2,fc) = 

Let us consider now a typical experimental situation, 
when measurements on both particles are performed. Be- 
fore the measurements the internal state of the isolated 
system Pi + Mi + P2 + M2 (Pi , P2 standing for the parti- 
cles and Ai^i, M2 for the measuring devices, respectively) 



IS given 
while it is 



by (EiCj I^Pij > I0P2 



> 



.(1) 



x[/t(P2+Af2)(|0p,,, > |m^'^ > 



(5) 



with a time t later, i.e. during and after the measure- 
ments. Here Ut{Pi + Mi) {i = 1, 2) stands for the unitary 
time evolution operator of the closed system Pi + Mi. 

Eq.(||) implies (according to Postulate A) that the in- 
ternal states of the closed systems Pi + Mi and Pj -I- M2 
evolve unitarily and do not influence each other. This 
time evolution can be given explicitly through the rela- 
tions 



|e(P.,j)> |m(*) >^ \m.j)>\mf 



> 



(6) 



where i,j = 1,2 and \S,{Pi,j) > is the j-th eigenstate of 
the spin measured on the i-th. particle along an axis z^'^ 
which closes an angle t^i with the original z direction. 
The time evolution of the internal state of the closed sys- 
tems Pi + Mi is given explicitly by \ipp^ > \mQ^ > 

< ^iP^,J)\^P. > \^iP^,J) > l™f >• As we see, 
the i-th measurement process is completely determined 
by the initial internal state of the particle Pi. There- 
fore, any correlation between the measurements may only 
stem from the initial correlation of the internal states of 
the particles. 

The calculation of the state pmi{Mi) (which corre- 
sponds to the measured value, cf. Postulate B) needs 
the state of the whole isolated system Pi + P2 + Mi + M2. 
Using Eq.(^ the final state (||) may be written as 

E,.fc(EiQ <^(A:J)IM,; ><aP2,mp.,i >)|mf^ > 

Direct cal- 
Mi + M2) = 



i^k^ > \m,j) > \m,k) >■ 

culation shows that pmx{Pi + P2 + 



E,(Ezhn<C(Pi,j)|^P„;>P)|m 
that it is independent of the second measurement. Ac- 



f ^ >< mf^\. Note 



,(1) 



>-s. 



cording to Postulate A {"tpMi > is one of the 
The probability to observe the j-th result (up or down 
spin in a chosen direction) is P{Mi,j) = Ez kd^l < 



£_{Pi,j)\(j)p^j > p. This may be interpreted in con- 
ventional terms: \ci\'^ is the probability that {ipPi >= 
\4'p^,i >, and I < ^(Pi, j)|0Pj^i > 1^ is the conditional 
probability that one gets the j-th result if \4'Pi >= 
\(j)Pij >■ Thus we see that the initial internal state of 
Pi determines the outcome of the first measurement in 
the usual probabilistic sense. But doesn't it mean that 
the internal states of Pi and P2 play the role of local hid- 
den variables? No, because hidden variables are thought 
to be comparable with the results of the measurements 
so that their joint probability may be defined, while in 
our theory there is no way to define the joint probability 
P(Pi,Zi,P2,;2,(0);Mi,j,M2,fc,(t)), i.e., the probability 



that initially jV'Pi >= \4'Pi,ii > and [ipp^ >= \(l)P2,h > 



1^(1) 

Intuitively we would write 



and finally IV'Mi 



> and IV' 



M2 



(2) 



>. 



P{Pl,ll,P2,l2,{0);Mi,j,M2,k,{t)) 
|2r. , I ^ c/D -M i,_ , ^ |2 



\Ch\ K,h\ < S.{Pu])\<I^PiM 



> 



(7) 



x\<^{P2,m 



P2M 



> 



as |QiP<5/^_i2 is the joint probability that \ipPi >= 
|(/)p,,i > and iV'Ps >= \4>P2,i >, and | < ^(-P^, j)|0p.,i. > P 
is the conditional probability that one gets the j-th re- 
sult in the i-th measurement if initially {ipp. >= |</>Pi,ii > 
(i = 1,2). Certainly the existence of such a joint proba- 
bility would immediately imply the validity of Bell's in- 
equality, thus it is absolutely important to understand 
why this probability does not exist. 

Let us mention, first of all, that using Postulate C 
for n = 2, we may calculate the correlation between the 
measurements, i.e., the joint probability that iV'A/i >= 



\mf'^ > and \'ipM: 



(2) 



>. We obtain 

P(Mi,j,M2,fc) 

Y,Ci<aPuj)\4>Pul ><i{P2M(t>P2,l > 



(8) 



This is the usual quantum mechanical expression which 
violates Bell's inequality and whose correctness is exper- 
imentally proven. Thus our theory gives the correct ex- 
pression for the correlation. Nevertheless, if the joint 
probability (^ exists, it leads to 

P{Mi,j,M2,k) 

= E i^'i'i < ^{Pumpui > I'l < aP2,mp,,i > f (9) 

which satisfies Bell's inequality and contradicts Eq.(||). 
Let us demon- 

strate that no such contradiction appears. Evidently, the 
joint probability P(Pi, ^i, P2, ^2, (0); Mi, j, M2, /c, {t)) can 
be physically meaningful only if one can compare the ini- 
tial internal states of Pi and P2 with the final internal 
states of All and M2 by suitable nondisturbing measure- 
ments. If we try to compare the initial internal states of 
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Pi and of P2 with the final internal states of Mi and M2 , 
the first difficulty appears because we want to compare 
states given at different times. Nevertheless, as the initial 
internal state of Pi is uniquely related to the final inter- 
nal state of the system Pi + Mi, the joint probability 
P{Pi,li,P2,l2,{0);MiJ,M2,k,{t)) (if exists) coincides 
with P{Pi + Mi,h,P2 + M2, l2,Mi,j, M2, fc), where aU 
the occuring states are given after the measurements. As 
the systems Pi + Mi, P2 + M2, Mi, M2 are not dis- 
jointed, our Postulates do not provide us with an ex- 
pression for the joint probability we are seeking for. If 
we check \ipMi > and \^pM2 > by suitable nondisturbing 
measurements, we destroy |V'Pi-i-Mi > and \ipP2+M2 >i in- 
hibiting any comparison. On the other hand, if we check 
first iV'Pi+A/i > and iV'Pa+Ms >, then P{Mi,j,M2,k) 
changes. In fact, after suitable measurements performed 
on Pi + Mi (which do not change the internal states of 
Pi+ Mi) by further measuring devices Mi we get for the 
internal state of the whole system 



exists individually, but they cannot be compared without 
changing the correlations. 
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E <e(^2,fc)|0P„i > |^(P2,fc) > |mi') >) 

^ k ) 



(10) 



As the systems Mi, M2, Mi, M2 are disjointed, we may 
apply Postulate C for n = 4 and wc indeed get for 
P{Mi,li, M2,l2, Ml, j, M2, k) the expression (0). Do we 
get then a contradiction with Eq.(||)? No, because ap- 
plying Postulate C directly for n = 2, we get in this 
case Eq.(^) instead of Eq.(^. Thus we see that the ex- 
tra measurements have changed the correlations and our 
theory gives account of this effect consistently. 

Summing up, we have seen that the initial internal 
state of Pi (P2) determines the first (second) measure- 
ment process, therefore, these states 'carry' the initial 
correlations and 'transfer' them to the measuring de- 
vices. As the measurement processes do not influence 
each other, the observed correlations may stem only from 
the 'common past' of the particles. On the other hand, 
any attempt to compare the initial internal states of Pi 
and P2 with the results of both measurements changes 
the correlations, thus a joint probability for the simulta- 
neous existence of these states cannot be defined. This 
means that the reason for the violation of Bell's inequal- 
ity is that the usual derivations always assume that the 
states (or 'stable properties') which carry the initial cor- 
relations can be freely compared with the results of the 
measurements. This comparability is usually thought to 
be a consequence of realism. According to the present 
theory, the above assumption goes beyond the require- 
ments of realism and proves to be wrong, because each 
of the states IV'Pi+Mi >, \ipP2+M2 >, IV'a/i > and |V'M2 > 
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